Oxidative metabolism in the alveolar macrophage: analysis by flow cytometry.
We evaluated the reagents dichlorofluorescin (DCFH) and hydroethidine (HE) for use in flow cytometric analysis of the respiratory burst of alveolar macrophages and monocytes. DCFH and HE are non-fluorescent precursors which can be oxidized intracellularly to the fluorescent compounds dichlorofluorescein and ethidium. Alveolar macrophages (AMs) loaded with either DCFH or HE were analyzed after phorbol myristate acetate (PMA) stimulation. The results, expressed as fmol/cell oxidation product (DCF or ethidium) after fluorometric standardization of the flow cytometer, show that both DCFH (273 +/- 48, mean increase over control +/- SE, fmol/cell, N = 9) and HE (416 +/- 54, N = 11) detected the substantial respiratory burst of hamster AMs. Similar results were obtained with normal human AMs. By using multiparameter analyses, the oxidative response of AMs ingesting opsonized fluorescent latex beads was measured in subpopulations ingesting increasing numbers of particles. A graded increase in oxidation of both DCFH and HE was found in response to increasing phagocytosis. Ingestion of fluoresceinated staphylyococcal bacteria caused similar changes in HE-loaded AMs. Inhibition of respiration with antimycin showed that approximately 95% of the increased oxidative metabolism of hamster AMs ingesting opsonized beads or bacteria was mitochondrial. The remaining 5% (10-40 fmol/cell) is membrane-derived oxidative activity quantitatively similar to that measured in assays of extracellular release of H2O2. Monocytes loaded with either DCFH or HE showed substantial increases in fluorescence after PMA stimulation (mean % increase over control +/- SE at 30 min: 464 +/- 104, DCFH, 505 +/- 156, HE). While DCHF is known to measure H2O2, HE is less well characterized. Exposure of cells to an extracellular source of both superoxide anion (O2-) and H2O2, xanthine oxidase-xanthine, resulted in marked oxidation of intracellular HE. Addition of both superoxide dismutase and catalase blocked this oxidation, indicating that HE can detect both O2- and H2O2. These agents can be useful probes for precise analysis of oxidative metabolism during phagocytosis in AMs and other mononuclear phagocytes.